The aim of the second phase of the Pollution Atmosphérique et Affections Respiratoires Chroniques ( PAARC ) study, started in 1974, was to compare the long -term mortality between populations living in areas with different air pollution levels. In Bordeaux ( France ), four different areas were concerned by the study. The black smoke measures were realized between 1974 and 1981. After 1981, the stations set specifically for the study were not used any more. The purpose of this study was to estimate the evolution of air pollution in those areas between 1982 and 1997 using the measures of 12 Association de Prévention de la Pollution Atmosphérique ( APPA ) stations located in Bordeaux city but not in the PAARC areas. The method used was divided in three phases: a correlation study between the stations of the different networks, a selection of the pertinent stations and the setting up of indicators using the arithmetic means method. Monthly means concentrations were estimated from January 1982 to December 1997. Models showed a decrease in black smoke levels whatever the area. The difference in level from one area to another, existing between the areas in 1974, was still with predicted values in 1997, but less important. Black smoke mean concentration for 1982 -1997 was, respectively, 16.4 and 16.2 g / m 3 , in areas 1 and 2. It was a little bit higher in area 3 with 18.9 g / m 3 . Area 4 still has the highest level with 26.3 g / m 3 . To conclude, this method enabled to assess different air pollution levels at different times in the four areas of the PAARC study in Bordeaux. Those levels could be used to study the impact of the air pollution on long -term mortality on populations living in the areas considered.
Introduction
In the last years, many epidemiological studies found associations between air pollution levels usually measured and different health indicators (Katsouyanni et al., 1997; Schwartz, 1999; Zeghnoun et al., 1999 ) . Most of them were time series studies and used fixed air monitoring stations to estimate individual exposition to air pollution.
However, these results concerned short -term impact. At the moment, little is known about long -term effects of air pollution on population health. Some recent studies have investigated the association between middle -or long -term exposition to urban or industrial pollution and several allergic manifestations or hypersensitivity (Devereux et al., 1996; Heinrich et al., 1999 ) ; others have studied the prevalence of chronic obstructive pulmonary disease (except asthma ) or the decrease of respiratory function (Zemp et al., 1994; Frischer et al., 1999 ) . Three prospective cohorts of the relationship between long -term ambient air pollution and mortality were conducted. The Six Cities (Dockery et al., 1993 ) and the American Cancer Society (ACS ) ( Pope et al., 1995 ) followed, respectively, 8111 and 552,138 adults in the US for 15 and 7 years. They found positive associations between long -term concentrations of ambient air particles and increased risks of mortality. The third study, known as the Adventist Health Study of Smog (AHSMOG study ) (Abbey et al., 1999 ) , has followed 6338 nonsmoking, California Seventh Day Adventists for 15 years and confirmed the results. The authors showed a strong association between mortality and air pollution when PM 10 exceeded 100 g/m 3 . However, most of these studies are limited by weakness in exposure assessment on a long period.
To estimate long -term effects of air pollution, exposure assessment has to be as accurate as possible, taking into account a lot of parameters (such as monitoring station definition, concentrations levels and time variation ). Do not take into account evolution of air pollution levels that occurred might bias individual exposition estimation and risks of mortality assessment.
The Pollution Atmosphérique et Affections Respiratoires Chroniques (PAARC ) survey conducted in seven French towns (Bordeaux, Lille, Lyon, Mantes-la -Jolie, Marseille, Toulouse and Rouen ) was a multicenter study realized from 1974 to 1976 on 20,000 adults of the general population ( PAARC Groupe Cooperatif, 1982; Krzyzanowski and Kauffmann, 1988; Baldi et al., 1999a,b ) . The aim was to investigate the effect of air pollution on chronic respiratory diseases. Twenty -five years later, PAARC population offers an opportunity to study the association between air pollution and mortality in France . It would be interesting to introduce into survival models a time -dependent variable representing air pollution evolution between 1974 and 1997. Nevertheless, on a long period, it was possible that air monitoring stations had been modified or stopped and air pollution data were not always available. In the PAARC study, in each city, between two and four areas were chosen in referring to air pollution levels. These areas were located within a 500 -m radius of a pollution monitoring station. In Bordeaux, PAARC intercalibrated stations using the same method have been working from 1974 to 1981. After 1981, data were not available in the PAARC areas but a new network started in the city of Bordeaux but not in the PAARC areas. The aim of 
Stations
Overlaping period this study was to assess air pollution levels from 1981 to 1997 in each area using two different air pollution networks of black smoke indicators.
Methods
We used air pollution data of two networks ( Figure 1 ): PAARC and Association de Prévention de la Pollution Atmosphérique ( APPA ) networks. These networks were available for assessment, in Bordeaux from 1974 to 1997, of air pollution trend and building of a chronological series of black smoke levels. Whatever the network, black smokes were measured with the same reflectometry method using the method of the Organization for Economic Cooperation and Development ( OECD, 1964) . This method was published in November 1995 and became a French norm ( AFNOR -NFX 43005 ). The name of the norm was: Ambient Air -Black Smoke Indicator Determination. The method involves collection of particles on a Whatman paper filter using a low -volume sampler. The reflectance of the filter was measured using a reflectometer. The measured reflectance is next transformed into black smoke concentrations using standard curve and the results are presented in micrograms per cubic meter.
The PAARC Network
In Bordeaux, four areas have been determined and a fixed air monitoring station worked until the end of 1981. These four areas presented the following characteristics:
Area 1: Grand Parc -Cité «HLM», green spaces; Area 2: Bordeaux -Caudéran -residential area, private garden;
Area 3: Saint Pierre, Cerf-Volant -part of the old town, narrow street, important road traffic; Area 4: Bordeaux -Bouscat -individual house, roadway.
The APPA Network From 1974 to 1997, the APPA Bordeaux -Aquitaine committee managed a monitoring network of air quality in Bordeaux city. Industry and residential emissions were the major sources of air pollution. This network's goal was to monitor them. These network stations started working between January 1976 and June 1978 and stopped at the end of 1997. During this period, some stations have been deleted. Air pollution data were available from the APPA Bordeaux -Aquitaine Committee on Paper Support. These data have been keyboarded and verified by a second person. The method included two steps to obtain black smoke indicators: first, the APPA station selection from a correlation study between monthly means of different stations and a relevant station selection; and second, the black smoke indicators determination. 
Correlation Study
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Prediction of black smoke levels on a long-term period correlation coefficients have been determined between monthly means series of black smoke measures for the whole air monitoring stations in activity during these common periods.
APPA Stations Selection to Assess an Exposure Indicator in Each PAARC Area
Two criteria have been used to select APPA stations. First, the correlation coefficient between PAARC and APPA stations had to be greater than 0.80. Second, differences between means, median, percentile 25 and percentile 75 had to be smaller than 5 g/m 3 . When the second criterion was not possible, the difference had to be as small as possible.
Indicator Assessment
Black smoke indicator was assessed with an arithmetic mean method using monthly means data with air monitoring stations selected. Each month, monthly means concentrations from APPA stations selected were added and divided by the number of stations.
To validate our stations selection method, we compared between June 1978 and December 1981 the predicted and measured concentrations for the four PAARC areas. Table 1 shows the distribution of black smoke concentrations measured by PAARC stations between 1974 and 1981. Areas 1 and 2 showed close levels with, respectively, 22.7 and 23.5 g/m 3 ; area 3 showed higher concentrations (48.1 g/m 3 ); and area 4 appeared as the most polluted with a mean concentration of 79.0 g/m 3 for the period. Table 2 presents correlation matrix with higher coefficient between PAARC station numbers 1, 2 and 3 and APPA station. PAARC 4 station showed the smallest correlation, with coefficients varied between 0.30 and 0.58. Figure 3 shows the black smoke levels monthly means distribution for all APPA and PAARC stations from January 1976 to December 1981. A difference appears among the four PAARC stations levels. The following stations for black smoke indicator assessment have been chosen using the selection criteria defined (good correlation and small difference between concentrations levels): PAARC 1 station assessed by APPA 1, 3, 7, 10 and 12 stations; PAARC 2 station assessed by APPA 9, 10 and 12 stations; PAARC 3 station assessed by APPA 1, 3, 8 and 9 stations; PAARC 4 station assessed by APPA 6 station.
Results
Black smoke series was obtained in each area and their trends are shown in Figure 4 . Whatever the area, the indicators decreased. Areas 1 and 2 indicator levels, which were the lowest for the period 1974 -1981, are still really close until 1997. Areas 3 and 4 have been strongly decreased until 1984. Then, the trend has been stable as for the others areas, but still with the same gradient, i.e., area 4 has the highest levels followed by area 3 and then areas 1 and 2. Correlation between predicted and measured series is presented in Table 3 . Correlation coefficients were greater than 0.86, except for the PAARC 4 station where the coefficient was 0.43. Air pollution levels predicted were systematically smaller than the measured concentrations. 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 Concentrations ( g/m3) paarc1 paarc2 paarc3 paarc4 Prediction of black smoke levels on a long-term period Filleul et al.
Discussion
It was possible to assess black smoke indicators with the arithmetic means method because PAARC and APPA networks had a common measuring period. Results show a decrease during the last 20 years, whatever the considered area. The difference in levels of pollution existing in 1974 between areas decreased with time. This result was consistent with actual knowledge on air pollution evolution in France and in the Bordeaux city: a decrease of particles of air pollution by a decrease of air pollution derived from domestic and industrial burning of fossils fuels (ADEME, 1995 ) . A recent study realized on Bordeaux has made an inventory about information available around air monitoring stations, including all major factors such as new industries, and new developments in a district modifying air quality in PAARC areas between 1974 and 1997 ( Tison, 1998 ) . Selection parameters for air monitoring stations used for prediction were very important and may be discussed; nevertheless, no references were available for the correlation coefficient choice. Some authors, for time series studies, take into account all available stations and use arithmetic means method to determine exposure indicator ( Pirard et al., 1995; Katsouyanni et al., 1996 ) . A recent study used a minimal threshold of 0.60 for correlation coefficient and a difference of 20.0 g/m 3 between mean concentrations to assess air pollution indicators ( Zeghnoun et al., 2001 ). The parameters we have voluntarily selected were the best estimators possible.
Another criterion was the air monitoring fixed station definition. There are two types: urban background sites, which monitor ambient air pollution levels, and proximal sites, which are directly influenced by motorized traffic or other sources of air pollution. PAARC stations were defined like urban background sites in 1974, but Pearson correlation coefficient for area 4 was small ( lesser than 0.58 ). PAARC 4 station was probably influenced by traffic pollution. Comparison between predicted measures and estimated measures showed that our method gives a good estimation for area with low air pollution levels (PAARC areas 1 and 2 ); therefore, for areas 3 and 4, results seemed to be influenced by a source pollution, so assessment was inexact.
Studies on air pollution and mortality in long -term prospective cohort do not take into account air pollution evolution. Most of the time, exposure assessment was based on mean pollutant concentrations measured in each city at the beginning of the study. In the Six Cities ( Dockery et al., 1993 ) , exposure assessment was calculated using mean pollution levels for each pollutant for 3 or 4 years. Pope et al. ( 1995 ) used the same method in the ACS study, so the trend on long term was not taken into account.
In the AHSMOG study, Abbey et al. ( 1995 ) estimated particles exposure over the study period of 15 years. However, the particle data came from measurements of total suspended particles (TSPs ) for the period prior to 1987. TSP was correlated with PM 10 for a 2 -year period of collocated measurements, and TSP measurements were concerted into estimated PM 10 values. The authors obtained an evolution of PM 10 concentrations by TSP, but TSP levels may have changed differently with time than levels of PM 10 or PM 2.5 . Also, this method induces a loss of precision in the exposure assessment ( Brunekreef, 1999 ) .
Recently, a reanalysis of the Six Cities study has been done ( Krewski et al., 2000 ) . The reanalysis team did find, for the Six Cities study, however, that when the general decline in fine particles levels over the monitoring period was included as a time -dependent variable, the association between fine particles and all causes of mortality dropped substantially, but the effect continued to be positive and statistically significant. They found a relative risk of mortality of 1.31 (95% confidence interval [CI ]: 1.13, 1.52 ) vs. 1.16 ( 95% CI: 1.02, 1.32 ) with the timedependent variable.
Our method is a simple approach, but as far as we know, it is the first time that this assessment is being used on monthly data on a 25-year period. Many sophisticated approaches have been developed for time series studies, missing values interpolation ( Dempster et al., 1977 ) or spatial interpolation ( Brown et al., 1994; Zidek et al., 1998 ) . However, these methods are rarely used in epidemiological studies and never in cohort studies with small area of study. For example, Ionescu et al. ( 1996 ) have evaluated a pollutant concentration field, using the kriging statistical method, when only few scattered values of pollutants concentration were available on a given territory. The authors have quantified the concentrations at the nodes of a rectangular mesh associated with the given territory. These values were then used to generate concentrations lines, in order to obtain an image of the concentration spatial distribution. Nevertheless, these methods are complex and the time of calculation is very long -one assessment per day. Also, the feasibility of this method in a long period (20 years ) is not feasible.
For Zeghnoun et al. (1998 ) , an approach using arithmetic means to assess air pollution levels from fixed air monitoring stations is valid in a time series study. However, it is necessary to verify spatial and temporal homogeneity of air pollution measures. Furthermore, the authors advise the use of time -activity patterns for the population in order to have the most robust assessment. In a 20 -year longitudinal study, the time -activity patterns assessment will be a long and costly approach, but the feasibility is improbable.
In conclusion, our simplistic method appears appropriate in estimating air pollution monthly indicators on a 25 -year period. Nevertheless, this approach, based on levels correlation, is better for background monitoring station that for proximity station, which are always weakly correlated. Results seems consistent with knowledge on air pollution trends in Bordeaux. This method will be applied in seven PAARC cities. Air pollution indicators assessed will be used like time -dependent variables in survival Cox models ( Cox, 1972 ) . The aim of this analysis will be to find an eventual association between air pollution levels evolution and risk of mortality after adjustment for individuals data ( smoking habits, occupational exposure, etc. )
